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INTRODOCTTON

Progress by the Georgia Institute of Technology’s Laboratory for Radio-
science and Remote Sensing in developing techniques for passive microwave
retrieval of water vapor profiles and cloud and precipitation parameters
using millimeter- and sub-millimeter wavelength channels is reviewed.
Channels of particular interest are in the tropospheric transmission
windows at 90, 166, 220, 340 and 410 GHz and centered around the water
vapor lines at 183 and 325 GHz. Collectively, these channels have potential
application in high-resolution precipitation mapping (e.g., from
geosynchronous orbit), remote sensing of cloud and precipitation
parameters, including cirrus ice mass, and improved retrieval of water
vapor profiles.

During the period from Jamuary 1, 1994 through June 30, 1994 research
activities focussed on calibrating and interpreting data from the
Millimeter-Wave Imaging Radicmeter (MIR). The MIR was deployed on the NASA
ER-2 during the Convective Atmospheric Moisture Experiment (CAMEX,
Septenber-October 1993) to obtain the first submillimeter-wave tropospheric
imagery of convective precipitation. A 325-GHz radiameter consisted of a
submill imeter-wave DSB receiver with three IF chamnels at +/-1,3, and 8.5
@iz, and -14 dB DSB noise figure was successfully operated during these
experiments. Activities supported under this grant include a study of the
impact of local oscillator reflections from the MIR calibration loads, the
development of optimal gain and offset filters for radiametric calibration,
and the modelling and interpretation of the MIR 325-GHz data over both
clear and cloudy atmospheres. In addition, polarimetric radiometer
measurements and modelling for ocean surface and atmospheric cloud-ice
studies were supported.



DISCUSSION OF ACTIVITIES

Activities within the period fram July 1, 1993 through December 31,
1993 under NASA grant NAG 5-1490 have focused primarily on the calibration
of and interpretation of radiametric imagery cbtained using the Millimeter-
wave Imaging Radiometer (MIR) instrument. The MIR is a cross-track scanning
imaging radiameter with channels at 89, 150, 183+/-1,3,7, 220, and 325+/-
1,3,8 GHz. The MIR was successfully flown on the high-altitude NASA ER-2
platform during several deployments, including TOGA/CORRE (Jamuary-
February, 1993) and CAMEX (September-Octcber 1993). During the CAMEX
deployment the three channels near the 325-GHz submill imeter-wave water
vapor line were operative, providing the first submillimeter-wave imagery
of tropospheric clouds and precipitation as observed from a dowrward-
looking perspective.

Specific activities involving the MIR have included: (1) interpretation
of the first wideband MIR imagery over clear-air, clouds, and convective
precipitation, (2) determination of the effects of local oscillator
reflection from MIR calibration loads and characterization of the passband
response of the MIR, (3) determination of the optimm shape and width of
gain and offset filters for optimal radicmeter calibration, (4) refinement
of comparisons of clear-air MIR brightness measurements with calculations
based on water vapor profiles derived fram coincident racbs and Raman lidar
water vapor profiles. Additional related activities include studies of
dual-polarization radiometer signatures of both precipitation cell tops and
anisotropic ocean features observed during TOGA/COARE.

'memisajointpmjectbebnmﬂ\eNASAGoddaIdspaceFlightOerw
and the laboratory for Radioscience and Remote Sensing at Georgia Tech.
Past Georgia Tech contributions to the MIR and its related scientific uses
have included basic system design studies, performance analyses, circuit
and radiometric load design, in-flight software, provision of the 325-GHz
receiver, operation of the MIR during field deployments, development of
post-flight data display and calibration software, and radiative transfer
studies of the effects of clouds, water vapor, and precipitation on MIR
brightness temperatures. From December 1993 through May 1994 the MIR was
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moved to Georgia Tech for characterization and ground-based experiments
involving the 325-GHz radicmeter.

1. Wideband MIR Imadery

Nine—dxamelmimagerycoverirgmebardswthxuxghnsaizobservd
on several ER-2 flights during TOGA/COARE and CAMEX has been displayed and
is undergoing preliminary analysis. An example of this imagery obtained
during overflights of oceanic convection on September 27, 1994 is shown in
Figure 1. Studies of this and several similar data sets indicate that the
325-GHz channels will be useful for mapping raincells, measuring cirrus ice
content, and enhanced detection of clouds for the purpose of improving
water vapor soundings.l In addition, significantly higher spatial
resolutions can be achieved using these chamnels instead of (or, in
conjunction with) conventional rain mapping microwave channels at 19, 37 or
89 GHz.

A statistical analyses of the window channel data (89, 150, 220, and
325+/-8 @GHz) show at least two significant spectral modes cbserved over
raincells. The method of empirical orthogonal eigenfunctions was used for
this analysis. These most dominant mode was found to represent a decrease
in the brightness temperature of all four channels. This decrease is
catparableanorgallfwrd]amelsarﬂistheresultofstrorgice
scattering of the cold cosmic background. The cantribution to this mode at
325+/-8 GHz can be expected by extrapolation of the response to ice seen at
89, 150, anmd 220 GHz.

The second- and third-order modes are most closely related to the slope
and curvature (respectively) of the brightness spectrum sampled at these
window channels. In particular, the second mode is correlated with
radicmetrically thin portions of raincells, for example, anvil regions.
Although a camplete geophysical interpretation of these modes is not yet
available, their large signal-to-noise ratios (each greater than 10 dB
each) suggest that useful precipitation cell characteristics can ultimately

1 support for these conclusions is provided in the attached conference
publication "Airborne Imaging of Tropospheric BEmission at Millimeter and
Submillimeter Wavelengths," by Gasiewski et al, accepted for presentation
at the 1994 International Geoscience and Remote Sensing Symposium [Appendix
A).



be derived from them.

One feature of the 325 GHz imagery that had not been anticipated is the
flatness of the clear-air spectra near the 325-GHz line. Clear-air
radiative transfer calculations based on the Liebe model ([1985] show
brightness temperatures that are distinctly colder near the line center
(325 +/-1 GHz) than near the line wings (+/-8 GHz). The model calculations
were for US standard atmospheric temperature conditions and for widely
varying hmidity conditions. For example, in the dry extreme the humidity
profile was chosen to be exponentially decaying with 2-km scale height and
a relative humidity of 20% at the surface; in the moist extreme the
relative humidity at the surface was 100%. These resulting brightness
differences between 325+/-8 GHz and 325+/-1 GHz channels were predicted to
be between 21 and 27 K [Gasiewski 1992], and comparable to that predicted
(and cbserved) near the 183-GHz line [Jackson and Gasiewski 1994].

However, the clear-air MIR data over similar temperature conditions
show much less of a difference between the line center and wing brightness
temperatures. Observed differences between the 325+/-8 and 325+/-1 channels
are typically no greater than 5-6 K for the prevailing conditions during
CAMEX. Although it has not yet been ascertained that the air was clear by
optical means, is has been ascertained using passive infared data from the
High-resolution Infrared Sounder that cloud cover was perhaps broken for
some of the imagery, but certainly not solid for the entire set of CAMEX
flights. Lab experiments by both Georgia Tech and the receiver manmufacturer
(ZAX MMW Corporation) have been used to rule out local oscillator drift as
a possible cause of this anomoly. Moreover, the varying degree of ice
scattering exhibited by the cell-top imagery at the three 325-GHz channels
verifies that the local oscillator was centered on the 325.153-GHz Hy0 line
to within an acceptable margin of error.

However, it cannot be ruled out that the 325 GHz receiver was not
responding to a subharmonic RF band during CAMEX, for example, near 243.86
GHz. The 325 Gz receiver an the MIR has an overmoded input waveguide that
allows passage of signals down to about 200 GHz or so. Since the mixer is
driven subharmonically at cne—fourth of the 325-GHz RF frequency there are
necessarily current harmonics at three-fourths of the RF frequency, or
243.865 Gz, present in the mixer. The effects of reflections at this
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frequency from metal plates in front of the 325 Gz feedhorn have, in fact,
been observed. Thus, it is possible that the 325 GHz channels might
actually have been receiving a mix of data from 325.153+/-1,3,8 and
243.865+/-1,3,8 GHz channels. This could account for the "flatness" of the
clear-air brightness spectrum across the 325-GHz channels. In other words,
the spectrum around 243.865 GHz (which is indeed quite flat) could be being
added to the spectrum around 325.153 GHz. Of course, under this scenario
same 325 GHz spectral structure over stormcells would still appear, as has
been seen in the data.

2. Iocal Oscillator Reflection Tests

As an important step in improving and verifying the absolute
calibration of the MIR we have performed local oscillator (IO) reflection
measurements using both metallic and absorbing reflectors. The measurements
took place .at Georgia Tech during the winter of 1994. The 10 reflection
test configuration consists of the MIR with its antennas trained on a
perfectly- or partly-reflecting surface. Any leakage of 10 signals from the
RF ports of the mixers is reflected back into the instrument. By moving the
smfacealorx;theantenmbeamaxisﬂwe;i‘aseofﬂlemflectedsigmlcan
be varied over a camplete cycle. The impact of IO reflections via the RF
ports of the mixers can be diagnosed by measuring the MIR video output
signal at several positions of the surface. A Fourier transform of the
measured data as a function of surface position shows the relative effect
of all harmonics of the IO frequency on the radiameter output. In effect, a
simple Fourier-transform spectrometer was implemented.

To perform the IO tests a camputer-controlled mechanical translator was
cmfigumdtostepthereflectjngsnfac&swera}anrargeinmmicmn
increments. Video voltage samples were recorded at each step. Surfaces
included both a flat alumimm plate and a styrofoam—covered pyramidal
absorbing load. The absorbing load was identical to those used to calibrate
the MIR.

Voltagespectraforbothanaltmimmplatearﬂpymidal load are
displayed in Figures 2a and b. Using the alunimm plate the video output
was seen to vary over a range equivalent to 85 K and harmonics of the IO up
to 8th order were evident (Figure 2a). Although the pyramidal load reduces
the level of reflection there is still a residual peak-to-peak variation of
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1.5 K caused by the 10 fundamental signal at 150 GHz (Figure 2b). Since a
similar variation can occur each time the MIR abserves a calibration load
it is thought that IO reflection is a major cause of bias in the 150 Gz
channel. Such a calibration bias could easily explain inaccuracies in
brightness temperature cbserved over IN, targets. However, only the 150-Giz
channel exhibits adverse IO reflection behavior; all other channels exhibit
negligible output variations under the IO reflection test when the
pyramidal load is used.

3, MIR calibrati

In order to accammodate the relatively large noise levels of the 325-
GHz channels, as well as to improve the calibration of the other channels,
a nonlinear calibration filter is being developed. The filter is based on:
(1) identification and removal of non-stationary features in the single-
scan gain and offset data, (2) subsegquent optimal time-invariant filtering
of the residual gain and offset signals, and (3) reconstruction of the
overall gain and offset waveforms. The non-stationary features include
jumps and spurious noise. An iterative technique based on the CLEAN
algorithm is used for detection of these features. Upon removal, an time-
invariant linear filter is constructed for each radiametric channel for
both the gain and offset processes. The filters are based on the estimated
noise levels and autocorrelation time constants for the particular channel
[Adelberg et al., 1993). In this manner, the unique statistical
characteristics of each channel are accammodated.

By varying the width of the gain and offset filters the standard
deviation of noise resulting from calibration errors can be minimized. This
was investigated by implementing a triangular gain and offset calibration
filters of varying widths, then camputing the resulting error. The results
(Figure 3) show that the optimal filter width can vary greatly provided
that the widths of the gain and offset filters are nearly the same. The
requirement of similarity between the gain and offset filters appears to be
a general result, irrespective of the statistics of the particular
radiometer. The application of an optimal calibration algorithm,
accamodation of the new 325-GHz channels, and the provision of several new
data editing features required major modifications to the post-flight data
analysis software. Sane of these have been incorporated into a new MIR
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imageanalysispmgramwhidausasdisk—basedstomgeoft‘heimagety. The
PC-campatible software will also incorporate a variety of simple
interactive features for MIR data analysis. The MIR data is also being
archived an 35-mm slides for graphical storage and dissemination.

Detailed camparisons of cbserved brightness temperatures using the MIR
data and brightness temperature calculations based on coincident radiosonde
and Raman lidar data have been performed at Georgia Tech. Both airborne and
ground-based abservations were considered in the study. The results of the
study are described by Jackson and Gasiewski [1994].2 During a review of
the study it was discovered that the GSFC Raman lidar hmidity profiles
were positively biased between 8 and 10 km, necessitating recalculation of
the brightness values. Hence, in the published camparisons only lidar
mnnidityvalusuptoskmareused.'Iheovemllconclusicnsofthesmdy
are that (1) the Liebe model for absorption near 183 GHz is acceptable to
within the cambined measurement errors of the instruments used in the
camparison, (2) the lidar data up to approximately 8 km are consistent with
MIR cbservations, and (3) the AIR-type radiosondes report excessive
moisture in the upper troposphere. The Vaisala-type radiosondes provide the
best consistent with the MIR cbservations.

While water vapor absorption is well-understocd near 183 GHz, the MIR
CAMEX brightness temperatures and ground-based acbservations performed at
Georgia Tech during Jamuary-February 1994 show significant discrepancies
with calculated brightness temperatures for the 325 GHz channels. However,
ﬂwecarpariscnsweremadeusingeiﬂmerstarﬂardamnsmerenodelsor
soundings that were not well collocated with the radiometer measurements
Thus, these camparisons are not readily interpretable. A more extensive set
ofairborm—ardgzunﬂ—basedexperinentstodetermimmeacwracyofﬂme
prevailing absorption model at 325 GHz is needed.

2 wyil1limeter-Wave Radiametric Observations of the Troposphere: A
cmparism\ofneasnanentsardCalcalatimsBasedmRadiosaﬂeardPaman
Lidar," accepted for publication in the IEEE Transactions on Geoscience and
Remote Sensing, July, 1994.



It is hypothesized that polarimetric microwave radicmetry can be used
for spaceborne remote sensing of ocean wave direction [Wentz, 1992; Dzura
1992] and for detection of oriented thunderstorm anvil ice [Evans and
Vivekanandan, 1990]. We have investigated the former hypothesis both
experimentally and theoretically using fully polarimetric laboratory
measurements at 92 GHz of upwelling emission from a fresh-water wave tank
[Gasiewski and Kunkee, 1994]. The wave . tank measurements are well
corrcborated by a geametrical optics emission model for anisotropic
surfaces (Figures 4-7). Both the model and measurements show that
significant brightness variations in the first three Stokes parameters can
be produced by only moderately striated dielectric surfaces. The data
account for small randam angular variations of the direction of the waves
within the tank.

Specifically, the laboratory measurements show a predictable dependence
of Ty=Re<EEn*> on the direction of the water wave, with peak-to-peak
amplitudes of up to 20 K at steep observation angles (Figure 7). An
interesting phase reversal (along with corresponding amplitude null) occurs
in the second Fourier azimithal harmonic for cbservations near 40° from
zenith (Figure 5). The Ty angular variations are in phase quadrature with
the variations exhibited by T, and Ty, suggesting that passive remote
sensing of surface wave direction can be facilitated by polarimetric
microwave radiametry. Both the measurements and model calculations consider
all four Stokes’ parameters, although the last of these (T=In<E B, *>) is
very small and not expected to be useful for geophysical remote sensing of
the troposphere or surface.

'meencalragin{;msultsofﬂxewavetankexperimentprmptedan
airborne field experiment during TOGA/COARE to investigate passive
polarimetric measurement of ocean wave direction. Indirectly, one can be
expectedtoinferauws;hericwirﬂdimctimfmsud)mamlts.
Electronic and hardware modifications necessary to operate the polarimetric
radiometer on the NASA DC-8 aircraft were performed. A total of twenty DC-8
flights occurred during TOGA/COARE, including seven low-altitude (1.5-4 km)
constant bank-angle maneuvers designed to provide views of the ocean
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surface at a constant observation angle and over a range of azimuthal
angles [Kunkee and Gasiewski, 1994, Appendix B].

Post-mission calibration of nearly all of the 92-GHz polarimetric data
has been campleted [See Appendix C, TOGA/COARE AMMR 92 Data Processing]. A
plot of the constant bank-angle data for an incidence angle of 65° (Figure
8) shows residual peak-to-peak brightness variations over azimithal angle
of amplitude -3 K for T, and Ty,. The shape and amplitude of the azimithal
variations are similar to those found by Wentz. Even for cbservation at
nadir, sinusoidal brightness variations of amplitude -1.K (camplementary in
Ty and Ty;) can be seen. Althouch the nadir variations are not large enough
for retrieval purposes, they are large enough to adversely impact
brightness measurements for same atmospheric sounding purposes, for
example, wet path delay measurements or water vapor sounding.

Recently, we have extended our anisotropic surface model to accammodate
realistic wind-driven ocean surfaces. A Monte-Carlo model of surface
emission using geametrical optics with multiple scattering was developed
for this purpose. The model incorporates a standard ocean wave amplitude
spectrum with a prescribe phase spectrum. The incorporation of a phase
spectnmintotheoceans:rfacemalizatimismiquearﬁrepmentsamw
contribution to statistical ocean surface modelling. An ocean foam
distribution appropriate for wind-driven waves is also incorporated. The
foam model produces larger amounts of foam on the leeward sides of waves
than on the windward side. The addition phase and foam to the standard
ocean surface model has resulted in computed azimuthal brightness
variations that well corroborate the wind-dependent brightness variations
published by Wentz (Figures 9a and b).

In addition to striated water surfaces, it has been hypothesized that
polarimetric microwave signatures in Ty, T, and Ty will be produced by
oriented ice particles, for example, in electrified cirrus anvils. For
example, microwave depolarization signatures in space-to-ground
cammmications links have been associated with lightning discharges [Cox
and Armold, 1979]. Calibrated 92-GHz polarimetric data observed over an
oceanic storm during TOGA/COARE on February 4, 1993 (Figure 10) are
believed to show such variations. Over the most radiometrically cold part
of the storm a rapid change in polarization of almost 12 K is observed. The
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distance over which the change occurs is approximately 12 km. The cold
brightness temperatures both within and adjacent to the storm center
su;;estthatﬂ)emedxanisnmsponsibleforthedaangemstbeice
scattering. Ocean surface variations (which might change the polarization
difference) would not be visible through the highly-opagque storm.
Supporting data from the other side-locking radiometric instruments that
flew on the DC-8 is being sought to further investigate this case.

6, Digital Correlator for Polarimetric Radjcmetr

In anticipation of the need for precision airborne and spaceborne
polarimetric radiametry, a high-speed digital correlator for proposed use
in the NASA/MSFC Advanced Microwave Precipitation Radiometer (AMPR) is
being developed.3 A prototype A/D canverter operating at 1000 Ms/sec and
using standard emitter-coupled logic (ECL) has been demonstrated. Two such
A/D converters along with three high speed (1000 MHz) digital counters are
the essential components of the correlator. The reasan for using digital
correlation is that calibration of the cross-correlation channel can be
accurately performed using only the standard hot and cold calibration
targets found in convectional radiometers. The performance of our prototype
converter suggests that the necessarily wide IF bandwidths required for
Earth remocte sensing (in this case, up to 500 MHz) can be obtained using
the digital technique. Development of a camplete 500 MHz breadboard unit
for demonstration purposes is in progress.

3 A proposal for much more extensive development of digital
correlation polarimetry and its evaluation on the NASA/MSFC AMFR has
been submitted by this PI to NASA Headquarters under the title
"passive Measurement and Interpretation of Polarized Microwave
Brightness Temperatures," September 1992, NASA control # 2916-RD-074.
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SUMMARY AND PIANS FOR FUTURE WORK

The investigations conducted over the past six months have served
several purposes, including: (1) the first demonstration of radiametric
imaging for meteorological purposes at 325 GHz, (2) the develcopment and
implementation of optimal techniques for radiameter calibration, (3)
jdentification of the mumber of cbservable degrees of freedam in wideband
90, 150, 220, and 325+/-8 GHz imagery of stormcells, (4) the identification
of a possible clear-air brightness temperature anamoly at 325 GHz, (5)
corroboration of brightness temperature anisotropies at 92 GHz produced by
both controlled waves and ocean waves at 92 GHz, (6) identification of a
polarization difference signature cbserved over convection, amd (7)
demonstration of the essential electronic camponents for a digital
correlator for precision polarimetric radiametry. Future plans which build
on the findings of these investigations are outlined below.

Several convective case studies from CAMEX are being compiled for
statistical analysis. During the convective overflight on Octaober 5, 1993,
the ER-2 Doppler radar (EDOP) abtained coincident nadir reflectivity
profiles. This is the first joint EDOP and MIR data set. Because of the
coincident EDOP radar truth, analysis of the MIR data from this flight is
of great interest.

T™wo of the MIR case studies identified during TOGA/COARE are
particularly interesting for radiative transfer experiments, namely, the
overflights of cyclone Oliver and the Kavieng ground observation site. To
this end, we plan to similate ocean surface and atmospheric conditions
wiﬂﬁntheeyeofcycloneOlivertodetermimthecasistercyofwidéaarﬂ
radiative transfer models using the cbserved brightness data. The radiative
transfer model will consider the effects of increasing humidity,
precipitation, and ocean roughness near the eyewall to determine the
relative contributions of these camponents to the warm ring.

The Kavieng overflights will be used to provide data for similating the
effects of clouds on upwelling MMW brightness temperatures. Ground-based
radiometer data will be used to determine total water vapor and cloud
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content, whilegrum-basedlidarwillbeusedtodetennineclouibottm
altitudes. Radiosondes will be further used to constrain the vertical
distribution of water vapor. Of interest is a camparison of camputed and
observed upwelling brightness temperature, and in particular, the impact
that clouds have on these temperatures.

To further investigate the wideband imaging capabilities of the MIR,
images of Oliver fram TOGA/COARE and convective precipitation from CAMEX
usi.rgtheAMm, MIR, and MIS are being campiled. The data will be useful
for wideband RT modelling and precipitation structure stidies. The analysis
of Oliver will require same data from the JPL ARMAR; this is available and
being requested.4

The 325-GHz clear-air brightness discrepancies are, if spectroscopic
in nature, extremely interesting. Accordingly, we plan further studies to
determine whether the discrepancies could be instrumental, or whether they
can be explained by minor reductions to the 325.153 GHz line strength
and/ori:measesinﬂmeHzOcontinmmabsorptimnearthelinewings. RF
response measurements at 243.865 and 325.153 GHz will be attempted to
determine if the lower of these bands is indeed being received. Very little
pwermedstobeleakedintoﬂleantemaatttmefrequerniestodetemine
this. If RF response at 243.865 GHz is found to occur a high-pass filter
will be designed for installation into the 325 GHz RF path. If the lower
band is indeed being received, a determination of the approximate
radiametric response of this band relative to the 325-GHz band will be
attempted. Knowing the relative responses of these bands will allow the
CAMEX data to be interpreted properly.

If the absence of instrumental errors, additional aircraft cbservations
over Raman lidar and/or racb sites, and under colder prevailing temperature
conditions would be needed to more campletely determine modifications to
the Liebe model. Accordingly, the PI plans to work with investigators at
NASA/GSFC to organize an appropriate field experiment for this purpose. A
ground-based field experiment performed in conjunction with other ground-
based profiling instruments operated by the NOAA Envirormental Research

4 opllaborating on the TOGA/COARE data analysis is Dr. J. Vivekanandan
of the University of Colorado.
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Laboratory (ERL) in Boulder, OO will be organized. The experiments will be
planned for winter and spring of 1995.

2. Radiameter Calibration

These simple IO reflection measurements will provide answers to
qustiascawenﬂ:gﬂeabsolutemlibratimofﬂebﬂarﬂﬂueuseofthe
183 and 325-GHz data in radiative transfer intercamparisons. Documentatiaon
ofﬂmemreflectimexperinentswillbeperfoneddurirgthenexttvn
quarters. Particular attention is being paid to the 150 GHz channel, which
consistently returns brightness temperatures that are.5-10 K colder than
eaqaectedfrmanabsorberinmrsedinliquidnitn:gen.

The nonlinear optimal calibration technique is nearly ready for
operational calibration of all MIR data, including flights during CAMEX and
TOGA/COARE. mringthenexttwoquartersweplantoardmiveﬂxecalibrated
data so that it will be available to investigators collaborating on
TOGA/COARE studies. Al—GBharddiskdrivehasbeenobtainedmﬂerthis
grant to support the calibration and archival effort.

Accurate absolute calibration of the MIR (and similar radiometers)
requimthatthetotalreflectivityoft‘hehotandcoldloadsbelessthan
-1%, and known to better than 0.1%. Manufacturer’s specifications typically
provide anly the specular component of the reflectivity, which is thought
to be substantially less than the total reflectivity. In order to refine
the MIR calibration, we plan to extend the study of the electramagnetic
scattering and absorption characteristics of wedge-type blackbody loads to
the more desirable pyramidal loads. The electramagnetic scattering analysis
should be useful in the design of wideband calibration loads for
radiometers, and specifically, for determining the reason for the enhanced
10 reflection sensitivity of the MIR’s 150 GHz channel.

Qna;pxnadmistodevelopmmricalmodelsforawe—andtwo—
dimensionally periodic lossy gratings using the coupled wave method. We
arrrently have software based on the coupled wave method to predict the
reflectivity of one-dimensionally periodic loads of arbitrary dielectric
profile. Extension of the coupled wave model to two—dimensionally periedic
surfaces appears feasible, and will be continued. In addition to the
electramagnetic analysis, work on the steady state thermal analysis for
two-dimensionally periodic calibration loads will be continued. Although,
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the radiametric calibration load reflectivity analysis is of importance in
understanding precision radiameter calibration, it is of secondary
importance relative to the MW and SMWW data analysis.

It is expected that future activities regarding the investigation of
polarimetric passive remote sensing will be supported under a separate
grant from NASA Headquarters. These activities include the development of
digital correlation hardware for upgrading the NASA/MSFC Advanced Microwave
Precipitation Radiometer (AMPR) for fully polarimetric imaging capability.
The bandwidth of the correlator will be approximately 500 MHz. The upgraded
AMPR will be useful for wideband radiometric studies of both the ocean
surface and precipitating atmospheric convection.

As part of the polarimetric remote sensing study, the NASA/GSFC 92-GHz
polarimetric radiometer will be used for testing and evaluation purposes.
Provisions for the extended loan of this instrument at Georgia Tech will be
made. Several suggestions for upgrading the GSFC 92-GHz polarimetric
radiameter have been identified, and are presented in Appendix D.
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Figure 2. Video voltage spectra of the MIR 150-Glz channel as a function of
. spatial frequency for IO reflection tests using (a) flat alunimm plate,
and (b) pyramidal calibration load. Reflections at harmonics of the 150 Giz
10 signal are indicated by the equally-spaced peaks. The vertical scale is
in deciBels/10; the reference level is arbitrary.
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Power Spccmxm Deviation for Cubexd Tm.muc Filter

Offset Fileer Width

Gain Filter Widih

Figure 3. RMS noise contours for clear-air brightness data at 325+/-1 GHz
as a function of the gain and offset filter widths. Contour intervals are
approximately 1 K, with the lowest (center) contour being 7 K. The filter
width scales are logarithmic, ranging fram a width of unity to 2000.

18



“YITUSZ WOl ,0Z ST STHUe UOTIRATISD L °Sjusumansesu Arojeloqet
ornaurrerod zHD-ze o3 0] STAUR JUey aARM TEIUIZE JO UOTIOUNG ® Se
1 pwe ‘Yy, ‘A1, 303 saamereduo] ssauUbTaq pooTpaxd pue pansven v aanbrg

(6ap) @|buy |pyjnwizy aADM
09¢

04¢ 081 06 0
TT I rrrJrrrrrvrrvfrrrrrrrryrrrrrrrrrey #'
o 1
- lnl
- 1N|
5 o . 4 |-
7 . * * o \1
: 0
- 11
S . lN
X 109s yjnw/m 09 —— ¢
i DJOP PBINSDBW -« o o »
i S T Y W N W U W W W W W U S S UND UN  T SN N W Y U S S D U Y #

S0'0=1/4 HYS %G8
a|buy 8ADM

09¢%

(Bap) 8|buy |PYNWIZY BADM
042 081

06 0

d---—--qqd--\--ﬂqq-—a----

‘4p3s “ynw/m 09 ——
i D{Dp POINSDON « o« oo

-r-—.—--_-P-h-—»-——-———-r-———b

"sq0 ,0¢

‘SA

asnjoisadwa] ssaupybug zH9 76 2M44WLDIOJ

91¢

8L¢c

1444

9¢¢

8¢¢e

0gl

() 41



09¢

‘YATUSZ IDIJ o6€ ST STBUR UOTIRATSSHD YL *SUSwaINsEaw Axojeroqe]
orxyaurre(od ZHD-Z6 SY3 A0 STHUR ULl asem TeUQMUIZR JO UOTIOUN e Se
0y, pue ‘Y ‘AL 103 saamersdun ssauubtTaq pajoTpaad pue paansesy °G amblrd

(bap) 8|Buy |pyjnwizy aADM
048 081 06 0

lﬂ----l_‘----—--q--—--u-ax-\
F .
i .
= 'O . -
” “e . . . * i * 4
....1. o/”\ . < a<o .
m 4
i h
C "Jo3s ynw/m 09 ]
C D{OP POINSDON « o ¢ s s 1

G0'0=1/4 HYS %08

o'L-

G'0-

0°0-

(M) "1

S0

0’1

09¢

(bap) 8|buy |oyjnwizy aADM
048

081 06 0

-qnq--—--------d‘d----dq

L]
-
L]
»
L]
.
-
.
.
.
.
.
.
0
L]
L]
.
L]
L]
L]
L]
.
PN S T S S |

Ll L | ¥ T LJ ¥
[
.
L]
(]
.
.
*

|02S “jnw /M 09 ——
D{OP PIINSDOP « oo o »

¥ Ll L] LJ L] T T T T L) T

Y T W U N TR S GRS G N N |

LICIr TR B RUI LRI A T RS A St AT LI I A A

-

T T L] Ll T T

-
-

U U WS O WD U G U 0 A U N G B S SN UN U U U T U N T S N W .

'sq0 ,6¢%

a|buy aADM °‘SA
aianjpsadwa| ssaupybug zH9 76 dMjdwWLID|Od

0s¢



“RTUSZ WX €S ST ITHUR UOTIRATOSHD L °SUSlRIMSesU K1ojexoqet
orxyaurprerod ZHO-Z6 ou3 J0J oTHue YUue} SAeM TeUIWIZe JO UOTING e se
01 pue ‘Y ‘AL 103 saamersduey ssauybtaq pe3otpaad pue paansesy ‘9 aumbrd

(6ap) 8|buy |pyjnwizy sAom

(Bap) sjbuy |oyjnwizy BADM

omm O“N OwP om om| Ow.n. LB A B ] .O._N.Nﬂ] T qom.—- TV Ty -o-m- TItrTirr .o
---_-—----1—-14--<-‘~J---q
_..ul. wwl 1-oooooo-o-oooo-ooooooooo.ooocooooouooo-J
i 1 e~ S~ T~
r 1v- [ |
. mNI X 4
’ ' 1 & [ "4p3s ynw/m 09 —— |
- 8INSDOPN ¢ o s o «

i — 0 —_ i pbiop pad 4] ]
: 1z ]
i .71¢ i

- L] 4 g b
” I“‘v : oo.o-..ouoo.o >

[ I02S ynw/m 09 —— 19 s -
- DJOP POINSDBN « - -« . ] i .
B bhh-».hpb#ph»prhh—-—--»u-h»n»-lw U W U NN U U T U R L G VA UL UO U SO G NS G U N S U U U e e

S0'0=1/4 HYS %08

'Sq0 &S

9|16uy aADM "SA
aanjoisadwa]| ssaupybuug zH9 76 oMjdWIID|Od

061

00¢

oLe

0Z¢

ogc

ove

0s?

09¢

042

(M) 41 40 ")

21



09¢

“Ug, 103 ATuo JUEOTITUGTS ST

pue ‘surl poysep au3l Aq umoys sT Hurrsjjeos ordritm Hurioetbou Jo Joedur
YL "YATUSZ WOIJ oG9 ST aTfue UOTIRATSSCO oYL “SsjuswaInsesu Axojeroqel
otxyautxerod 2ZHD-Z6 Syl A0 oTbue Yuey saem TeyIwIzZe JOo UOTIOUNG e Se
iy pre ‘Yp ‘Ap 103 samezadiey sseuyubTiq pe3oTpaad pue pamsesy °L ambrd

(6ap) 8|buy |pynWIZY BADM

(Bep) 8|buy |DynWIZY BADM

sunypaadwa) ssaujybug zHO 76 OHRWHDIO

0
.....4.O_N.N.-..-.Om-ﬁq-.-.‘.ﬂmq-.--7OON' omlm-...-O_N.N.-.--Om.w-..ﬁ-do-m.-......nomF
“ e F V2

] i ]
1904 oo IR e ’ ,F/---mom_
. 1 ot L +40os ‘ynw o/m Q9 ---- 101

= 0 i ‘jo3s Jnw/m 09 —— )

~ i }

= i DJOP PBINSDAN o+« s+ 4052

co. ~ i “
‘. , i 1 osz

*eee - OP .|-. v
I0OS ynw/m 09 ——— 1 [ >.r 042

D}DP POINSDAW + -+ » . 1 I
G0'0=1/U HY¥YS %0S 'SA0 .S9
a|buy aADM "SA

(M) 41 40 %]

22



1.5 'TTIII7'|“I'1“'|"|lll"T‘]lll‘l']l]l‘]lll

I () ]
1.0 £ T, ~ 0.29cos(¢+69°)+0.13cos(2¢-73°)
0.5 1 : ]
- : . Lo o i
< 0.0 | - e
-3 I PO
— i -]
Y -0.5 ¢ )
> : -
—- i -
-1.0 | ]
_1 5 -111111111|11|11|111111L_J_1|l'-' _L_‘_Lu_‘_‘._LJ_“:
20 0 270 360
3.0 -11Tl‘llllllll1ll|1llllIllll‘lT‘lll‘llll]YIl-
[ (b) ]
20 F Tn ~ 0.81cos(¢+47°)+0.53cos(2¢-84°) .
1.0 R ]
~ [ . ]
X - bl ‘.' .
~ 0.0 > 48 ]
/E L * . :
= 1 ]
| —1.0 )
< [ ,
— K -
-2.0 | ]
_30 .lllllllllJllllIllJlIIJIlllllllllllllljlllilL-

-90 0] 90 180 270 360
Azimuthal Angle (deg)

Figure 8. Measured azimuthal variation of Ty, and Ty, with wind direction
observed at 91.65 GHz and an observation angle of 65° from nadir during
TOGA/COARE. Corditions are light wind over open ocean.
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Figure 10. Vertical and horizontal brightness variations cbserved from the
NSA DC-8 at 92-GHz during overflights of convection. The arrows point to
rapid changes in the polarization difference that are not instrumental nor
related to the aircraft roll. The polarization differences ocanred over
the most radiametrically cold portion of the storm.
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